Summary: A colorimetric method for the determination of free haemoglobin in human serum is described, using 4-aminophenazone as chromogen, and commercially available haemiglobin cyanide solutions as standards. The reaction system is suitable for manual measurements as well as determinations with a centrifugal analyser (Cobas Bio System). Accuracy, linearity and stability of the procedure is shown. A reference interval in sera of normal adults was established, with an upper limit of 5 mg/dl. The alternative use of heparin plasma instead of serum is discussed.
Introduction
Elevated levels of free haemoglobin (Hb) in serum or plasma are found in increased intravascular haemolysis caused by various disorders, action of toxic substances or mechanical stress on erythrocytes. Their rapid detection and reliable monitoring are necessary especially in cases of emergency.
The methods for measurement of free Hb in serum or , plasma are either spectrophotometric (1, 2, 3) or coloriruetric assays (4, 5) . Since the standard methods using the carcinogenic compounds benzidine or otoluidine are potentially hazardous (6) , alternative methods have been proposed (7, 8) .
All colorimetric assays use the pseudoperoxidase properties (8) of haemoglobin, which catalyses the reduction of hydrogen peroxide. Trinder (9) proposed a peroxidase reaction for the determination of blood glucose, and a similar indicator reaction is used in an enzymatic cholesterol assay (10) . the chemical formulae of the indicator reactants are given in figure 1.
By omission of xenogenic peroxidase and addition of hydrogen peroxide in excess, this assay is a sensitive tool for the determination of peroxidase or pseudoperoxidase (e.g. free Hb) activity. In meeting the requirements of routine clinical chemistry, the method was adapted for a manual procedure as well as for a centrifMgal analyser of the latest generation. Specimen collection for the reference range After venipuncture with a 1.2 mm gauge needle, 10 ml of the freely flowing blood were discarded (in fact used for other determinations) and subsequently about 5 ml of blood collected in a glass tube. After coagulation at room temperature for 30 min the samples were centrifuged at 3000 min" 1 for 10 min. Supernates were removed carefully and centrifuged a second time to eliminate any erythrocytes that may have been present.
o-Toluidine method
The o-toluidine method was performed according to Bauer ct al. (5), method "A", using o-toluidine instead of benzidine.
Manual kinetic assay Mix 1.5 ml of reagent working solution and 150 ìÀ of 30 g/1 hydrogen peroxide with 300 ìÀ of standard or serum in the cuvette. Read absorbance at 546 nm, first point l min after mixing, second point 6 min after mixing. Calculate ÄÁ = A2 -AI, establish a standard curve with the three haemiglobin cyanide standards and interpolate unknown values. Incubation and measurement at room temperature.
Automated kinetic assay A summary of the data used is given in tab. 1. The Cobas Bio System is a centrifugal analyser capable of Various types of analyses and calculations (12) . At "Type of Analysis 3" the system works in enzyme start mode. Reagent and sample are pipetted together with diluent (water), mixed in the disposable plastic cuvette rotor and incubated during a spin of 20 s. In a second step 30 ìÀ of 30 g/1 hydrogen peroxide is pipetted into the start reagent compartement of the cuvette. The components are mixed and incubated at 25 °C during centrifugation for 100 s. With the rotor still running 5 consecutive.measurements of absorbance are then performed at intervals of 10 seconds against a reagent blank (= "blanking mode 1"). In "printout mode 2" the ÄÁ/min is calculated by linear regression using all points of measurement. For every run a separate standard curve is calculated from 3 haemiglobin cyanide standards. Working temperature is 25 °C. Statistics were done with a HewlettPackard 97 programmable calculator, using the manufacturer's programs. 
Results
Due to greater speed, accuracy and convenience -compared to the manual method -all determinations were made with the automated method, except those which were needed for the comparisons of the automated vs·. manual method. Routinely the premixed reagents from Boehringer Mannheim were used.
In order to show the linearity of the reaction, the standard program for the automated kinetic assay was changed, so that absorbances were measured every 10 s over a period of 280 s, starting at zero reaction time. Absorbance as a function of time for 2 standards and two patient's sera is shown in figure 2 . figure 3 .
Correlation of the automated vs. manual kinetic procedure is given in figure 4 , that of the automated assay vs. manual otoluidine method in figure 5 .
Statistics on the variance of the automated method in serial determinations as well as day-to-day precision are shown in figure 6 . For the latter, aliquots of 22 different sera were kept frozen at -20 °C until use. Note that the standards fit well to the curve.
A reference interval for this method was established by determination of free Hb in 104 carefully prepared sera from normal adult persons. The histogram ( fig. 7a) shows a log-normal distribution. Using the probability net according to Barnett (13) we found a mean value of 1.46 mg/dl. The 97.5 percentile was at 4.96 mg/dl ( fig.7b ).
The automated assay gave identical results with a series of human sera using either the reagent solution from Boehringer Mannheim or the self-prepared reagent (fig-8 ). 
Discussion
Our aim was to establish a safe and practical method for the determination of free Hb in serum, suitable for automation on fast laboratory analysers. For this purpose a system with a fast colour reaction is needed, which uses easily accessible and non-carcinogenic chemicals. Standardisation should be possible with commercially available standards. The proposed system meets these requirements as far as possible. The 4-aminophenazone reaction system however needed some modifications for present purposes. Addition of acetic acid to the reagent avoids formation of gas bubbles in the cuvettes during the reaction and increases its speed. Precision, linearity and constancy of the method makes it suitable for manual and automated routine work. The values for free Hb in serum obtained by the automated method correlate well with those found by the proposed manual assay using identical reagents. The reference interval in the serum of normal adults was found to be somewhat higher than that in plasma obtained by the o-toluidine method (5) . With careful and practicable, but not extremely cautious blood drawing conditions, an upper limit of 5 mg/dl has been established in serum.
At levels of free Hb below 5 mg/dl, plasma is not routinely suitable for this method, probably due to its unpredictable turbidity. Nevertheless, markedly elevated levels are determined correctly in heparin plasma. In cases of emergency, where time saving is more important than accuracy of values within the reference interval, heparin plasma may be used instead of serum. Similar conditions were found in animal studies with heparin plasma from calves. So far this system has only been used for the determination of free Hb in serum. Detection and measurement of other pseudoperoxidases (e.g. myoglobin) was not the scope of these investigations. Further studies on that subject will be performed. The selection of haemiglobin cyanide standards to be used in the assay is critical. The Merck standards and natural haemoglobin (solutions in serum or saline) correlated well as regards Hb-protein content and pseudoperoxidase activity. Pseudoperoxidase activity of another commercially available haemiglobin cyanide standard was found to be less than 50% of the value predicted by absorbance or protein content. We have no information on the preparation and composition of commercial standards, which may cause their marked differences in pseudoperoxidase activity. Enzymatic activity of self-prepared haemoglobin and haemiglobin cyanide in aqueous solutions is markedly reduced at low concentrations. Self prepared standards should therefore be made in human serum, and they are stable for several weeks at -20 °C. Repeated freezing is not recommended. The Cobas Bio System is able to perform approximately 100 determinations per hour in series, while single determinations require less than 3 minutes. The specifications of this automated method should also be adaptable to other enzyme analysers, thus making available a fast, safe and reliable method for the determination of free haemoglobin in serum, or in plasma in emergency cases.
